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(54) Laser welding method and apparatus 

(57) A laser welding method and apparatus includes 
a laser manipulator that directs a laser beam emitted 
from a laser generator at various predetermined angles 
toward predetermined positions within a laser work 
zone. A transport device passes workpieces through the 



laser work zone where the laser beam manipulator can 
direct a laser beam at desired interfacing portions of 
each workpiece to weld those interfacing portions to- 
gether. The controller is programmed to cause the ma- 
nipulator to weld the workpieces without halting their 
motion through the laser work zone. 
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Description 
Technical Field 

[0001 ] This invention relates generally to a laser weld- 
ing method and apparatus for welding workpieces sup- 
ported on a pallet transported by a conveyor system. 

Background of the Invention 

[0002] Laser welding systems that weld palletized as- 
semblies transported by conveyor systems are known 
in the art. The conveyor systems index the palletized 
assemblies or workpieces into fixed positions to be 
welded. 

[0003] A variety of approaches have been implement- 
ed for directing laser beams at various angles to the 
workpieces when they are presented in a position for 
welding. For example, U.S. patent Nos. 5,064,991 and 
5,115,115 to Alborante; and 5,147,999 to Dekumbis et 
al.; disclose various methods for directing laser beams 
at workpieces. The Alborante '991 patent discloses a 
plurality of laser emitter sets used in a vehicle framing 
station in which each set of emitters is designed to be 
used forthe particular vehicle body style. Alborante '115 
patent discloses a laser torch on the end of a movable 
robot arm. Dekumbis et al. disclose a laser used for 
welding or coating a workpiece as well as means for ma- 
nipulating a laser beam at various angles to the work- 
piece. 

[0004] Existing laser welding systems also include a 
number of different approaches to controlling the move- 
ment of pallets and establishing the position of work- 
pieces and pallets. For example, see U.S. patent Nos. 
5,798,672 to Gilliland et al.; 6,018,136 to Ohmi et al.; 
6,072,149 toMaruyamaet al. Gilliland et al. disclose ro- 
bot welding apparatus that includes a scanner that 
reads bar code labels and transmits positioning infor- 
mation to the robot or a welding apparatus controller. 
Ohmi et al. disclose a type of welding apparatus control 
system that includes a bar code scanner and reader for 
transmitting positioning information to a data processor 
that adjust the position of a welding torch. Maruyama et 
al disclose a laser welding apparatus for welding vehicle 
bodies. The apparatus includes a delivery system in 
which a beam path switching mirror can be moved in 
and out of the beam path to control the delivery of the 
beam to one or another scan head. 
[0005] While they do not disclose laser welding per 
se, U.S. patent 6,072,419 to Maruyama et al. and U.S. 
5,500,507 to Yoshiaki disclose manufacturing and ma- 
chining systems respectively with systems for determin- 
ing the positions of workpieces moving through an as- 
sembly line process. Watanabi 4,674,670 et al. disclose 
a manufacturing system for wire bonding lead frames in 
which the manufacturing process is automatically ad- 
justed for the type of lead frame that is being bonded. 
The system includes TV cameras that view workpieces 
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on a conveyor and provide positioning information, such 
as kind, shape and size of each w^kpiece to a central 
controller. The positioning information allows the con- 
trollerto determine optimum wire bonding positions from 
5 each workpiece. Yoshiaki et al. disclose a laser beam 
machine system including a laser beam machine that 
can automatically machine a plurality of workpieces in 
sequence. A plurality of pallets, each supporting a work- 
piece, are stored in a pallet storing station or stoker, in 
10 a shelved manner A transport device draws the pallet 
out from the pallet storing location and transports the 
pallet into the laser beam machine. After laser beam ma- 
chining is completed, the pallet supporting the newly 
machined workpiece is stored in a predetermined loca- 
ls tion in the pallet storing station by the pallet transport 
device. The Yoshiaki et al. system also includes a mem- 
ory medium disposed at a front surface of each pallet. 
Each memory medium stores information about the pal- 
let that it is attached to. The information includes the 
20 type or configuration of workpiece supported on the pal- 
let, the machining method to be used on the workpiece, 
and the storage posftfarr of the pallet within the stoker. 
A reader reads each memory medium and relays the 
information to a controller. 

Summary of the invention 

[0006] The invention is a laser welding apparatus for 
welding workpieces supported on a pallet transported 

30 by a conveyor system. The apparatus includes a laser 
generator and a laser manipulator configured and posi- 
tioned to direct a laser beam emitted from the laser gen- 
erator. The apparatus also includes a controller con- 
nected to the laser manipulator and configured to cause 

35 the laser manipulator to direct a laser beam from the 
laser generator at various predetermined angles toward 
predetermined positions within a laser work zone. A 
transport^evioe^is^disposed adjacent the laser work 
zone and is configured to pass workpieces through the 

^0 laser work zone where the laser beam manipulator can 
direct a laser beam onto desired interfacing portions of 
each workpiece to weld those interfacing portions to- 
gether. The manipulator is additionally configured to 
weld the workpieces without halting workpiece motion 
through the laser work zone. 

[0007] The invention also includes a method for weld- 
ing work pieces supported on the pallet transported by 
a conveyor system. According to this method a laser 
manipulator is configure^Us^ positioned to receive a 

50 laser beam emitted from a laser generator. The laser 
manipulator is also configured and positioned to direct 
to that beam at various points within a laser work zone. 
A transport device is provided adjacent the laser work 
zone and is configured to pass work pieces through the 

55 laser work zone. A workpiece is then provided on a 
transport device and the transport device is caused to 
transport the workpiece through the laser work zone. In- 
terfacing portions of the workpiece are then welded to- 
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gether by causing the laser beam manipulator to direct 
the laser beam at the interfacing portions as the work- 
piece is moving through the laser work zone. 
[0008] According to another aspect of the invention, 
a pallet orientation sensor detects pallet orientation on 5 
the transport device and provides information to the con- 
troller that allows the controller to compensate for pallet 
orientation variations when commanding laser beam 
manipulator movement. 

[0009] According to another aspect of the invention, 10 
the controller is programmed to direct the laser manip- 
ulator to weld pluralities of workpieces supported on sin- 
gle pallets disposed in a laser work zone. In a preferred 
embodiment, workpieces supported on a single pallet 
may be dissimilar from one another with the controller 15 
programmed to accomplish welds in selected interfac- 
ing regions of each dissimilar workpiece in the pallet in 
a single pass. 

[0010] According to another aspect of the invention, 
the apparatus includes a two-way communication sys- 20 
tern. The communication system includes a pallet read- 
er and a pallet programmer. The pallet reader is con- 
nected to the controller and sends signals to the con- 
troller corresponding to information read from passing 
pallets. The pallet programmer is also connected to the 25 
controller and uploads information to memory devices 
supported on the pallets. The pallet reader allows the 
controller to take into account information including pal- 
let identification, the nature, quantity, orientation and po- 
sition of workpieces supported on the pallet, processing 30 
history of workpieces on the pallet, the fixtures set-up 
holding the workpieces on the pallet, stage of assembly 
that the workpieces are in, and the destination in the 
origin of the pallet in the transport device. The pallet pro- 
grammer allows information to be stored in individual 35 
pallets that can later be read by other pallet readers in 
the assembly line process. Information that the pallet 
programmer can upload to memory devices includes the 
type of process just completed on the workpiece sup- 
ported on the pallet, the address of the station that the 40 
pallet should go to next for further processing, potential 
problems or flags detected by the controller such as 
workpieces out of position on the pallet, workpieces 
missing from the pallet, workpieces present on the pallet 
that the system does not recognize, and failure to com- 
plete a weld. 

[0011] Objects, features and advantages of this in- 
vention include maximization of the use of laser welding 
machines by welding on the fly, the ability to weld parts 
almost continuously rather than waiting for parts to 50 
come to rest in a fixed position in a laser work zone, the 
ability to feed parts continuously into a welding appara- 
tus while preceding parts are being welded, increasing 
the number workpiece surfaces. that a laser can weld in 
a single pass because lines of sight between the manip- 55 
ulator and various workpieces are continuously chang- 
ing as the workpieces pass through the laser work zone, 
and the ability to weld multiple workpieces supported on 



a single conveyor delivered pall et.,^ 

Brief Description of the Drawings 

[0012] These and other objects, features, and advan- . 
tages of this invention will be apparent from the following \ 
detailed description of the preferred embodiment and? 
best mode, appended claims, and accompanying draw- 
ings in which: 

FIG.1 is a diagrammatic plan view of a welding ap- 
paratus constructed according to the invention and 
disposed in the path of a flexible manufacturing con- 
veyor system; 

FIG. 2 is a diagrammatic perspective view of the la- 
ser welding apparatus of Figure 1 showing pallets 
being presented to the laser welding apparatus, 
each pallet including a plurality of workpieces; and 
FIG. 3 is a diagrammatic perspective view of an al- 
ternative laser welding apparatus constructed ac- 
cording XoJ. h^ujySDt io n . 

Detailed Description 

[0013] Figure 2 illustrates a laser welding apparatus 
10 for welding workpiece assemblies 22, 24, 26, 28, 30 
supported on pallets 48, 50, 52 transported by a con- 
veyor system 48. The apparatus 10 includes a laser- 
generator 12, a laser manipulator 14 that directs laser 
beams emitted from the laser generator 12 and a con- 
troller 1 6 is connected to them. The controller 1 6 is pro- 
grammed to energize and deenergize the laser gener- 
ator 12 and to cause the laser manipulator 14 to direct 
the laser beam from the laser generator 12 at various 
predetermined angles toward predetermined positions 
within a laser work zone 18. 

[0014] A transport device 20 is disposed adjacent the 
laser work zbneTS an3 passes workpiece assemblies 
22, 24, 26, 28, 30 through the laser work zone 1 8 where 
the laser beam manipulator 14 can direct a laser beam 
at desired interfacing portions of each workpiece as- 
sembly 22, 24, 26, 28, 30 to weld those interfacing por- 
tions together. The controller 1 6 is further programmed 
to command the manipulator 14 to weld the workpiece 
assemblies 22, 24, 26, 28, 30 without stopping the trans- 
port device 20 and halting workpiece motion through the 
laser work zone 1 8. In other words, the apparatus 1 0 is 
constructed to accomplish laser welding on the fly. 
Welding on the fly maximize 1 ? use of the laser welding 
apparatus 10 because welding occurs while the work- 
piece assemblies 22, 24, 26, 28, 30 are moving. As a 
result, the laser is able to weld workpieces almost con- 
tinuously rather then waiting for workpieces to come to 
rest in a fixed position in a laser work zone 1 8. The work- 
piece assemblies 22, 24, 26, 28, 30 may be fed contin- 
uously into the welding apparatus 10 while preceding 
assemblies are being welded. Welding on the fly also 
increases the number of workpiece surfaces that the la- 
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ser can weld in a single pass. This is because lines of 
sight 32, 34, 36, 38 between the manipulator 1 4 and the 
various workpiece assemblies 22, 24, 26, 28, 30 are 
continuously changing as the workpiece assemblies 22, 
24, 26, 28, 30 pass through the laser work zone 18. 
[0015] The laser manipulator 14 is actually a laser 
beam manipulator 1 4 that directs a laser beam from the 
laser generator 12 to various target points without mov- 
ing the laser generator 12. The beam manipulator 14 
includes a movable laser beam steering optic in the form 
of a redirecting mirror 40 that redirects a laser beam 
from the laser generator 12 in desired directions in re- 
sponse to signals received from the controller 16. The 
laser beam manipulator 14 is therefore disposed remote 
from the laser generator 12 as shown in Figure 2, 
[0016] The laser beam manipulator 14 also includes 
a beam focusing optic 42 as shown in Figure 2. The 
beam focusing optic 42 is movably disposed between 
the laser generator 12 and the mirror 40 in a position to 
adjust the focus a laser beam emitted from the generator 
1 2 onto the mirror 40. The position of the focusing optic 
42 Is adjustable to maintain a consistent distance be- 
tween the focusing optic 42 and a workpiece being lased 
as the workpiece being lased moves through the lasing 
zone 18. 

[0017] In an alternative embodiment shown in Figure 
3, the laserbeam manipulator 1 4 includes a flexible fiber 
optic cable 44 and a movably supported cable lens as- 
sembly orfocus module 45 in place of a beam redirector 
mirror 40. The focus module 45 aims a distal end of the 
flexible fiber optic cable 44 to direct the beam from a 
laser generator 12 at a desired target point. The focus 
module 45 is supported in such a way as to be able to 
both pivot the distal end of the cable 44 for aiming and 
to translate the end ofthe cable 44 for focusing. In addi- 
tion, the focus module 45 collimates the beam as it exits 
the cable 44. A mechanical manipulator 14' pivots and 
translates the lens assembly 45. The mechanical ma- 
nipulator 1 4 1 maybe any one of a number of such devic- 
es known in the art to include a robot. The focus module 
and fiber optic cable also maybe selected from any of a 
number of such devices known in the art. Reference nu- 
merals in Figure 3 that are primed ('} indicate structures 
common to the embodiment of Figure 2. 
[001 8] The laser generator 1 2 is disposed in a position 
remote from the laser work zone 1 8 where the welding 
actually occurs. The laser work zone 1 8 is approximate- 
ly one meter wide, one meter long and .75 meters high. 
The laser generator 12, the optics 42, the movable mir- 
ror 40 and the laser work zone 1 8 are all included within 
a laser welding cell or processing station shown at 44 
in Figure 1 . 

[0019] As shown in Figure 2, the apparatus 10 in- 
cludes an optical pallet orientation sensor 46 connected 
to the controller 16. The orientation sensor 46 detects 
the orientation of pallets 48, 50, 52, 54, 56 that support 
the workpiece assemblies on the transport device 20, 
as each pallet passes through the laser work zone 18 



on a transport device 20. The controller 16 is pro- 
grammed to compensate for pallettyffentation variations - [.J 

when commanding laser beam manipulating movement 
in response to signals received from the pallet orienta- 

5 tion sensor 46. Therefore, the pallet orientation sensor 
46 allows pallets 48, 50, 52, 54, 56 to be transported by 
a simple conveyor 49 of the transport device 20 and al- 
lows pallets 48, 50, 52, 54, 56 to be placed on the con- 
veyor 49 in a non-uniform manner. 

10 [0020] A motion sensor 58 is connected to the con- 
troller 16 to sense workpiece speed through the laser 
work zone 18 and to send a signal to the controller 16 > 
corresponding to that speed. The controller 16 is pro- 
grammed to respond to such a signal by modifying com- 

?5 mands to the laser beam manipulator 14 so that the 
movable mirror 40 redirects the laser beam in such a 
way as to compensate for workpiece speed while weld- 
ing each workpiece assembly 22, 24, 26, 28, 30. 
[0021] A position sensor 60 is also connected to the 

20 controller 1 6 to sense workpiece position as each work- 
piece assembly 22, 24, 26, 28, 30 moves through the 
laser work'zone ISTTfie" controller 16 is configured to 
track workpiece or pallet position in response to signals 
received from the position sensor 60. In the preferred 

25 embodiment shown in Figures 1 and 2, the optical pallet . 
orientation sensor 46 also serves as the position sensor 
60 by both determining pallet orientation on a conveyor 
49 and monitoring pallet position as it passes through 
the laser work zone 18. In other embodiments, the po- 

30 sition sensor 60 may include a laser range finder con- 
figured to detect the position of the workpiece assembly 
22, 24, 26, 28 : 30 and/or pallet 48, 50, 52, 54, 56 passing 
through the work zone 1 8. 

[0022] In other embodiments, the optical pallet orien- 

35 tation sensor 46, the motion sensor 58 and the position 
sensor 60 maybe combined into a single sensor unit that 
determines pallet orientation, work piece speed, and 
sense individuaLwopk ptece positions. 
[0023] To aid in positioning pallets 48, 50, 52, 54, 56, 

40 the apparatus 10 may also include a stationary rail 62 
disposed adjacent and along one edge of the transport 
device 20 as shown in Figure 2. The stationary rail 62 
adjusts the position of a moving pallet 48, 50, 52, 54, 56 
by directing the pallet 48, 50, 52, 54, 56 to a particular 

45 location on a surface of the conveyor 49 supporting the 
pallet 48, 50, 52, 54, 56. In other embodiments, and as 
shown in Figure 3, the apparatus 1 0 may also include a 
locating device 64 including a pair of mating fasteners * 
66, 68 supported on the,paitofrA8, 50, 52, 54, 56 and on 

so the conveyor 49 of the transport device 20, respectively. 
The mating fasteners 66, 68 would mechanically and 
positively locate each pallet 48, 50, 52, 54,-56 in a po- 
sition on a conveyor belt, insuring that each workpiece 
assembly is in proper position for lasing. 

55 [0024] The transport device conveyor 49 is a variable 
speed conveyor that changes speed in accordance with 
the number of workpiece assemblies 22, 24, 26, 28, 30 
passing through the laser work zone 18 at a given time. 
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The speed of the conveyor 49 is increased when a pallet 
48, 50, 52, 54, 56 passing through the laser work zone 
18 carries only one or a small number of workpiece as- 
semblies 22, 24, 26, 28, 30 or when the configuration of 
the workpiece assemblies 22, 24, 26, 28, 30 on a given 
pallet 48, 50, 52, 54, 56 is of a relatively low complexity 
requiring less time for welding. The speed of the con- 
veyor 49 is decreased when pallets, such as the pallets 
shown at 50 and 52 in Figure 2, carry more than one 
workpiece assembly 24, 26, 28, 30. Conveyor speed is 
also decreased when a pallet, such as the pallet shown 
at 52 in Figure 2, carries workpiece assemblies 26, 28, 
30 of higher complexity that require more time to weld. 
[0025] The laser welding apparatus controller 16 is 
programmed to command the laser beam manipulator 
14 to compensate for variations in conveyor 49 speed 
as well as changes in complexity and placement and 
types of workpiece assemblies 22, 24, 26, 28, 30 on pal- 
lets 48, 50, 52, 54, 56 passing through the laser work 
zone 1 8. Therefore, the combination of the laser welding 
apparatus 10 and the variable speed conveyor 49 allows 
for greater through-put because, for each pallet and 
workpiece assembly configuration, the conveyor 49 can 
be run at an optimum speed corresponding to the ability 
of a laser welding apparatus 10 to successfully accom- 
plish the welding operation. 

[0026] The controller 1 6 is programmed to direct the 
laser manipulator 1 4 to weld pluralities of workpiece as- 
semblies 24, 26, 28, 30 supported on single pallets 50, 
52 moving through the laser work zone 1 8. The control- 
ler 1 6 is also programmed to direct the laser manipulator 
14 to weld pluralities of different workpiece assemblies 
26, 28, 30 supported on a single pallet, such as pallet 
50, moving through the laser work zone 18. As shown 
in Figure 2, a pallet reader 70 is connected to the con- 
troller 16 and transmits signals to the controller 16 that 
the controller 1 6 then uses to determine where the laser 
beam needs to be directed to accomplish desired welds 
in each case. 

[0027] The reader 70 is programmed and positioned 
to send signals to the controller 1 6 corresponding to in- 
formation read from passing pallets 48, 50, 52, 54, 56. 
This information includes pallet identification, the na- 
ture, quantity, orientation and position of the workpiece 
assemblies 22, 24, 26, 28, 30 supported on each pallet 
48, 50, 52, 54, 56. The information also includes 
processing history of the workpiece assemblies 22, 24, 
26, 28, 30 on each pallet 48, 50, 52, 54, 56, the fixture 
set up holding the workpiece assemblies 22, 24, 26, 28, 
30 on each pallet 48, 50, 52, 54, 56, the stage of assem- 
bly that the workpiece assemblies 22, 24, 26, 28, 30 are 
in. and the destination and/or origin of each pallet 48, 
50, 52, 54, 56 in the transport device conveyor system 
48. The pallet reader 70 may either be an optical reader 
designed to read barcode tags 72 affixed to respective 
passing pallets 48, 50, 52, 54, 56 as shown in Figure 2 
or may be an electronic device that reads memory de- 
vices such as programmable chips 74 or RFID tags 76 



affixed to respective passing pal lets 48, 50, 52, 54, 56 
as shown in Figure 2. 

[0028] As shown in Figure 2, a pallet programmer 78 
is connected to the controller 1 6 and is positioned to up- 

5 load information to the memory devices 74, 76 support- 
ed on the pallets 48, 50, 52, 54, 56 as shown in Figure 
2. Information uploaded to the memory devices 74; 76 
on the pallets 48, 50, 52, 54, 56 includes the type of 
process just completed on the workpiece assembly 22 

10 or assemblies 24, 26, 28, 30 supported on each pallet 
48, 50, 52, 54, 56, the address of the work station that 
each pallet 48, 50, 52, 54, 56 should goto next for further 
processing, and potential problems or flags detected by 
the controller 1 6. Problems that the controller 1 6 might 

is detect include workpiece assemblies 22, 24, 26, 28, 30 
being out of position on a pallet 48, 50, 52, 54, 56; work- 
piece assemblies 22, 24, 26, 28, 30 missing from a pallet 
48, 50, 52, 54, 56; workpiece assemblies 22, 24, 26, 28, 
30 present on a pallet 48, 50, 52, 54, 56 but that the 

20 system did not recognize; and/or failure to complete one 
or more welds of .ajworkpiece on a pallet 48, 50 : 52, 54, 
56. Subsequent pallet readers 70 in the manufacturing 
process can use this information to determine where a 
pallet 48, 50, 52, 54, 56 should go next, whether a pallet 

25 48, 50, 52r54, 56-should be sidetracked to correct prob- 
lems, or whether a pallet 48,-50, 52, 54, 56 should be 
returned to the laser welding cell for corrective action. 
[0029] As best shown in Figure 1 , the transport device 
20 includes a plurality of feeding stations 80, 82, 84, 86, 

30 88, 90 , 92. In Figure 1 five feeding stations 80, 82, 88, 
90 and 94 are active. At the active feeding stations 80, 
82, 88, 90, 96, operators 98 load workpiece assemblies 
22, 24, 26, 28, 30 from part bin 94 onto pallets 48, 50, 
52, 54, 56 positioned on respective feeder conveyors 

35 96. Once loaded, the feeder conveyors 96 are activated 
to transport the loaded pallets 48, 50, 52, 54, 56 from 
the respective feeding stations 80, 82, 88, 90, 92 to 
amain c&nVsyoTTOD. TPTe main conveyor 1 00 transports 
the pallets 48, 50, 52, 54, 56 to the laser welding cell 

40 44. a return conveyor 1 02 transports the pallets 48, 50, 
52, 54, 56 and workpiece assemblies 22, 24, 26, 28, 30 
from the laser welding cell 44 back to the respective ac- 
tive feeding stations 80, 82, 88, 90 ; 96 where the oper- 
ators 98 remove the welded workpiece assemblies 22, 

45 24, 26, 28, 30 from their pallets 48, 50, 52, 54, 56 and 
load new workpiece assemblies 22, 24, 26, 28, 30 onto 
the pallets 48, 50, 52, 54, 56. A first recycle conveyor 
104 is positioned to return pallets 48, 50, 52, 54, 56 car- 
rying welded workpiece~a"s*s"etnblies 22, 24, 26, 28, 30 

50 or partially welded workpiece assemblies 22, 24, 26, 28, 
"30 back to the laser welding cell either to allow for a 
, second welding pass for workpiece assemblies 22, 24, 
26,28, 30that require a second pass, orto allow welding 
of certain regions of workpiece assemblies 22, 24, 26, 

55 28, 30 not within a line of sight of the laser on the first 
pass. On a second pass, the first recycle conveyor 1 04 
may be configured to re-orient pallets 48, 50 : 52, 54, 56 
in such a way as to place certain regions of the work- 
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piece assemblies 22, 24, 26, 28, 30 within line of sight 
of the laser. 

[0030] As is also shown in Figure 1 , a second recycle 
conveyor 105 is positioned to return to the loading sta- 
tions 80, 82, 88, 90, 96 pallets 48, 50/52, 54, 56 that 
are not ready to pass through the welding machine 44. 
A pallet configuration sensor 106 is disposed in a posi- 
tion upstream from the second recycle conveyor 1 05 
along the main conveyor 100 to sense whether all in- 
tended workpiece assemblies 22, 24, 26, 28, 30 are 
present on each pallet. If, for example, an intended 
workpiece assembly is missing, the pallet configuration 
sensor 106 activates the second recycle conveyor 1 05 
to return the incomplete pallet to a loading station where 
the missing workpiece assembly can be loaded. 
[0031] In practice, once a pallet 48 : 50, 52, 54, 56 
loaded with workpiece assemblies 22, 24, 26, 28, 30 en- 
ters the laser work zone 18 the pallet reader 70 reads 
information from the passing pallet 48, 50, 52, 54, 56 
and sends corresponding signals to the controller 16. 
As the pallet 48, 50, 52, 54, 56 continues through the 
laser work zone 18, the controller 1 6 commands the la- 
ser manipulator 14 to move the mirror 40 and focusing 
optic 42 in accordance with information received from 
the pallet reader 70 relating to the quantity and/or ori- 
entation and position of workpiece assemblies 22, 24, 
26, 28, 30 supported on the pallet 48, 50, 52, 54, 56. 
The controller 16 also causes the laser generator 12 to 
energize at appropriate times to accomplish welds on 
the workpiece assemblies 22, 24, 26, 28, 30. 
[0032] The laser beam manipulator 1 4 moves the mir- 
ror 40 to direct the laser toward interfacing portions of 
each workpiece assembly as the assemblies move to- 
gether through the laser work zone 18. As successive 
pallets 48, 50, 52, 54, 56 move serially through the laser 
zone 18 the reader 70 transmits the information read 
from those pallets 48, 50, 52, 54, 56 to the controller 1 6 
so that the controller 1 6 can adjust laser manipulator 1 4 
movement to accommodate whatever type workpiece 
assemblies 22, 24, 26, 28 ; 30 are loaded on the pallet 
48, 50, 52, 54, 56 and whatever fixturing is used on the 
pallet 48, 50, 52, 54, 56 to support the workpiece as- 
semblies 22, 24, 26, 28, 30 in proper position for weld- 
ing. 

[0033] The controller 16 also uses information re- 
ceived from readers 70 to adjust the speed of the con- 
veyor 49 to correspond to the amount of time that the 
laser beam manipulator 14 will need to accomplish the 
desired welding operations on each of the workpiece as- 
semblies 22, 24, 26, 28, 30 on the pallet 48, 50, 52, 54, 
56. As each pallet 48, 50, 52, 54, 56 leaves the laser 
welding cell 44 and passes the pallet programmer 78, 
the pallet programmer 78 uploads information from the 
controller 16 to whatever memory device 74, 76 is at- 
tached to the pallet 48, 50, 52, 54, 56. Subsequent pallet 
readers 70 along the conveyor system 20 read the in- 
formation that the pallet programmer 78 has uploaded 
to the memory device 74, 76 and use that information 
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to determine where to send the pallet 48, 50, 52, 54, 56 
next and what operations should -subsequently be per- 
formed on the pallet 48, 50, 52, 54, 56. As described 
above, this may include rerouting the pallet 48, 50, 52, 

5 54, 56 back through the lasercell 44 to complete incom- 
plete work or to pass the pallet 48, 50, 52, 54, 56 through 
the laser cell 44 in a different orientation to allow the 
laser manipulator 14 to reach portions of workpiece as- 
semblies 22,24,26,28,30 not accessible with the pallet 

10 48,50,52,54,56 orientated as it was on its initial pass 
through the laser work zone 1 8. 

[0034] This description is intended to illustrate certain 
embodiments of the invention rather then to limit the in- 
vention. Therefore, it uses descriptive rather than limit- 
's jng words. Obviously, it's possible to modify this inven- 
tion from what the description teaches. Within the scope 
of the claims, one may practice the invention other then 
as described. 

20 

Claims 

1. A laser welding apparatus for welding workpieces 
transported by a conveyor system, the apparatus 

25 comprising: 

a laser generator; 

a laser manipulator configured and positioned 
to direct a laser beam emitted from the laser 

30 generator; 

a controller connected to the laser manipulator 
and configured to cause the laser manipulator 
to direct a laser beam from the laser generator 
at various predetermined angles toward prede- 

35 termined positions within a laser work zone; 

a transport device disposed adjacent the laser 
work zone and configured to pass workpieces 
tkcougb~-tha...laser work zone where the laser 
beam manipulator can direct a laser beam at 

40 desired interfacing portions of each workpiece 

to weld those interfacing portions together; and 
the manipulator being configured to weld the 
workpieces without halting workpiece motion 
through the laser work zone. 

45 

2. A laser welding apparatus as defined in claim 1 in 
which the controller is configured to cause the laser 
manipulator to maintain a fixed focus length from a 
workpiece as the wojjqafrae moves through the la- 

so ser work zone. 

3. A laser welding apparatus as defined in claim 1 in 
which the laser manipulator is a laser beam manip- 
ulator configured to direct a laser beam from the la- 

55 ser generator without moving the laser generator. 

4. A laser welding apparatus as defined in claim 3 in 
which the laser beam manipulator includes a mov- 
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able laser beam directing mirror configured to direct 
a laser beam from the laser generator in desired di- 
rections in response to signals received from the 
controller 

5. A laser welding apparatus as defined in claim 3 in 
which the laser beam manipulator includes a flexi- 
ble fiber optic cable that directs the beam in what- 
ever direction a distal end of the cable is aimed. 

6. A laser welding apparatus as defined in claim 4 in 
which the laser beam manipulator includes beam- 
focusing optics disposed between the laser gener- 
ator and the mirror and configured and positioned 
to focus a laser beam from the generator onto the 
mirror. 

7. A laser welding apparatus as defined in claim 3 In 
which the laser generator is disposed remote from 
the laser work zone. 

8. A laser welding apparatus as defined in claim 1 in 
which: 

the apparatus includes a pallet orientation sen- 
sor connected to the controller and configured 
to detect pallet orientation on the transport de- 
vice; and 

the controller is configured to compensate for 
pallet orientation variations when commanding 
laser beam manipulator movement. 

9. A laser welding apparatus as defined in claim 1 in 
which: 

the apparatus includes a motion sensor con- 
nected to the controller and configured to sense 
workpiece speed through the laser work zone 
and to send a signal to the controller corre- 
sponding to that speed, and 
the controller is configured to respond to such 
a signal by modifying commands to the laser 
beam manipulator so that the laser beam ma- 
nipulator continuously re-directs and focuses 
the laser beam in such a way as to compensate 
for workpiece speed while welding each work- 
piece. 

10. A laser welding apparatus as defined in claim 1 in 
which: 

the apparatus includes a position sensor con- 
nected to the controller and configured to sense 
workpiece position as each workpiece moves 
through the laser work zone; and 
the controller is configured to track workpiece 
position in response to signals received from 
the position sensor. 



11. A laser welding apparatus as defined in claim 10 in 
which the position sensor incTOTes an optical sensor 
configured to optically determine the position of a 
workpiece passing through the laser work zone. 

5 

12. A laser welding apparatus as defined in claim 10 in 
which the position sensor includes a laser range 
finder configured to detect the position of a work- 
piece passing through the laser work zone. 

10 

13. A laser welding apparatus as defined in claim 1 in 
which the transport device includes a variable- 
speed conveyor configured to change speed in ac- 
cordance with the number of workpieces passing 

15 through the laser work zone at a given time. 

14. A laser welding apparatus as defined in claim 13 in 
which the variable-speed conveyor is configured to 
change speed in accordance with the amount of 

20 welding required by a workpiece passing through 
the laser work zone. 

15. A laser welding apparatus, as defined in claim 1 in 
which the controller is configured to direct the laser 

25 manipulator to weld pluralities of workpieces sup- 

ported on single pallets moving through the laser 
work zone. 

16. A laser welding apparatus as defined in claim 1 fur- 
30 ther comprising: 

a plurality of pallets each configured to receive 
a workpiece; 

the transport device being configured to pass 
35 workpieces supported on pallets through the la- 

ser work zone; 

a pallet orientation sensor connected to the 
' *eofrtro4lep-and*configured to detect pallet orien- 
tation on the transport device; and 
40 the controller is configured to compensate for 

pallet orientation variations when commanding 
laser beam manipulator movement. 

17. A laser welding apparatus as defined in claim 1 
^5 wherein the controller is configured to direct the la- 
ser manipulator to weld pluralities of workpieces 
supported on a single pallet disposed in the laser 
work zone. 

50 18. A laser welding apparatus as defined in claim 17 in 
which the controller is configured to direct the laser 
manipulatorto weld pluralities of different workpiec- 
es supported on a single pallet in the laser work 
zone. 

55 

1 9. A laser welding apparatus as defined in claim 1 7 in 
which the apparatus includes a pallet reader con- 
nected to the controller and configured and posi- 
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tioned to send signals to the controller correspond- 
ing to information read from passing pallets. 

20. A laser welding apparatus as defined in claim 19 in 
which the pallet reader is configured to optically s 
read information affixed in a visual format to respec- 
tive passing pallets. 

21. A laser welding apparatus as defined in claim 19 in 
which the pallet reader is configured to electronical- 10 
ly read memory devices affixed to respective pass- 
ing pallets. 

22. A laser welding apparatus as defined in claim 17 in 
which the apparatus includes a pallet programmer '5 
connected to the controller and configured and po- 
sitioned to upload information to memory devices 
supported on the pallets. 

23. A laser welding apparatus as defined in claim 17 in 20 
which the transport device includes: 

a main conveyor configured to transport pallets 
to the laser welding cell; 

a return conveyor configured to transport pal- 25 
lets of welded workpieces to the respective 
loading stations; and 

a recycle conveyor positioned to return pallets 
carrying welded workpieces back to the laser 
welding cell. 30 

24. A laser welding apparatus as defined in claim 17 
further including: 

a pallet reader connected to the controller and 35 
configured and positioned to send signals to the 
controller corresponding to information read 
from passing pallets; and 
a pallet programmer connected to the controller 
and configured and positioned to upload infor- *o 
mation to memory devices supported on the 
pallets. 

25. A method of welding workpieces supported on a 
pallet transported by a conveyor system; the metlv *s 
od including the steps of: 

providing a laser generator and a laser manip- 
ulator configured and positioned to receive a la- 
ser beam emitted from the laser generator and so 
to direct that beam at various points within a 
laser work 20 ne; 

providing a transport device adjacent the laser 
work zone and configuring the transport device 
to pass workpieces through the laser work 55 
zone; 

providing a workpiece on the transport device; 
causing the transport device to transport the 
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*> 

workpiece through the laser work zone; and 
welding interfacing portio*»of the workpiece 
together by causing the laser beam manipula- 
tor to direct a laser beam at the interfacing por- 
tions as the workpiece is moving through the 
laser work zone 

26. The method of claim 25 including the additional 
steps of: 

providing a controller connected to the laser 
manipulator; and 

programming the controller to cause the laser 
manipulator to direct a laser beam from the la- 
ser generator at various predetermined angles 
toward predetermined positions within the laser 
work zone. 

27. The method of claim 26 including the additional 
steps of: 

prevrding a-paftet reader connected to the con- 
troller; and 

configuring and positioning the reader to read 
... information from passing pallets; and 

the step of programming the controller in- 
cludes: 

causing the reader to send signals to the 
controller that correspond to information 
read from passing pallets; and 
commanding laser manipulator movement 
based on the signals received from the 
reader. 

28. The method of claim 25 in which: 

, ; tftg.^efiLPLproylding a workpiece on the trans- 
port device includes supporting the workpiece 
on a pallet and providing the pallet on the trans- 
port device; and 

the step of transporting the workpiece includes 
causing the transport device to transport the 
pallet through the laser work zone. 

29. The method of claim 28 in which: 

the step of providing a workpiece on the trans- 
port device includes, ffie additional step of sup- 
porting at least one additional workpiece on the 
pallet; and 

the welding step includes causing the laser 
beam manipulator to direct the laser beam at 
interfacing portions of each workpiece as they 
move together through the laser work zone. 

30. The method of claim 28 including the additional 
steps of: 
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providing a plurality of pallets; 
supporting different numbers of workpieces on 
certain of the pallets, 

providing the pallets on the transport device; 
causing the transport device to serially trans- 
port the pallets through the laser work zone; 
and 

adjusting the speed of the transport device to 
correspond to the number of workpieces sup- 
ported on each pallet as it passes through the 
laser work zone. 

31. The method of claim 25 in which the step of welding 
interfacing portions of the workpiece together in- 
cludes configuring the manipulator to automatically is 
weld the workpieces without halting workpiece mo- 
tion through the laser work zone. 

32. The method of claim 25 including the additional 
steps of: 20 

providing a pallet programmer adjacent the 
transport device; 

connecting the programmer to the controller; 
configuring and positioning the programmer to 
upload information to a memory device sup- 
ported on the pallet as the pallet passes by the 
programmer; 

transmitting information to the memory device 
by causing the controller to transmit information 
to the programmer; and 
causing the programmer to upload correspond- 
ing information to the memory device. 

35 
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(57) A laser welding method and apparatus includes 
a laser manipulator that directs a laser beam emitted 
from a laser generator at various predetermined angles 
toward predetermined positions within a laser work 
zone. A transport device passes workpieces through the 



laser work zone where the laser beam manipulator can 
direct a laser beam at desired interfacing portions of 
each workpiece to weld those interfacing portions to- 
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